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INTROCUCTION:

~ An aluminum soap of oleic, naphthenic, &nd coconut oil fatty acids,
has been developed as a thickener for gasoline. This matcriel, mown ¢8
Napalm, has shown wide varietions in quality but at present production
troubles hcve been corrected so that a number of manufacturers are produc-
ing satisfactory material.

Early in the research on the Napalm type of soaps it became apjurent
that sorption of moisture and the oxidation of the acid racuicals were two
fectors which markedly affected the characteristics of the soaps. Becouse
commercial naphthenic acid conteins only small amounts of readily oxidiz-
able unsaturated compounds and substuntial emounts of naturul antloxidesnts,
unmodified aluminum naphthenute might be expected to shov considersbly
greater resistence to aerial oxication than Napalm containing no added
antioxidente.

The relative merits of the tro kinds of soup, now that-an antioxidant
has been included in regular Napclm, is not known,

Early in the Napalm progrem some vork wes conducted on the unmodified
naphthenates by various organizations. This work u.as allowed to lapse be-
cause of the critical nephthenic acid situation and general lack of interest.
So that there would be sufficient dat: to determine whether the unmodified
aluminum naphthenates might serve usefully in the thickening program, the

eerly vork has been revieved and some additional boiches preparced and evalua-
ted. Though the dat: presented is not complete beczuse of the limited time
available, a smell amount of edditional work should muke possible production
of satisfactory soap.




GiNLKAL wETHOLS OF PREPAR.TION:

There are three methods of precipitation of aluminum soaps which
have been used to produce the Napalm type of soaps. bBecouse the prepe-
ration of aluminum naphthenate so closely parullels Rupalm prouuction,
the methods can be used unchangec.

method 1.
Addition of dertially Neutrclized aAlum to Neutrsl Sodium Soap,

In this process stoichiometric quantities of naphthenic acic¢ and
caustic soda are reacted to form a neutral sodium soap. To this so&p is
added an alum solution previocusly reacted v.ith sodu ash so as to form
some predetermined quantity of basic salts.

idethod 2,
P tat.

In this process a stream oi’ alum anu & stream of ousic sodaium soap
are run simultaneously into u small voluue, rajidly ugititea starter
bath. Usually the bath contains some controlled excess of alum at the
start and this is maintained throughout the precipitation.

Method 3.
Addition of Alum to busic Sodium Soap,

In this process the alum solution is auded to the busic sodium
soap while apgitating. This method is the one most widely used in the
commercisl menufacture of Nupalm.

Any of these methods are feasible, so the choice of method really
resolves itself into determination of the procedure most reudily usea
in the plant. methods 1 and & for the preparction of the straight nephthe-
nate have been tried at other luboratories but work at Ferro was concentrated
on Method 3 for this is regarded as the most sutisfuctory for procuction.
Before summarizing the vork at Ferro, the duta secureu at Stundura 0il of
California and Genercl Printing Ink vill be considered. i4n anonyious method
of preparation using sethod 2 has been received and is recorded belov.. The
data on General Printing Ink aluminum naghthenates is included in this sume

section for convenience although the method of preurution hus not been
revealed, '




EXPERTMEHTAL mETHOLS OF PRu’AkaTION.

method 1,
Addition of rartially Neutrulized Alum to Neutral Sodium Soap.

Standerd 0iL of Culif a (Oron r ure

The exact operation folloved by Oronite is not too clesr but
they describe their method as follows:

"The method of preparztion consisted of neutrulizing
the najhthenic acids vith the cuustic sode indicated,
follovied by a steonise addition of the bulance of the

caustic soda and cluminum sulfate. The precipitute
was filtered, washed ana dried."

Chart 1 summarizes the data obtained by Oronite using the manu-
facturing method described. The formula usea for Tiid7-iioné £1:56-h

follows. ~rresumably the same generul method vas usec to prepare
21462-R.

210.0 g naphthenic acia 257 a. V.

1620.0 cc 4° pe”’cuustic soua ({'or neutralization).

13,5 cc 50° ve cuustic sodu (ror basicity)

Z13.0 cc 3.595 Al iluminum Sulfate Solution.
1€ thﬂ\ 2 )

Ivo Stream Precipitation,

Anonymous Procedure (data received from N. L. R. C.)

A procedure for the preparation of unmodified aluminum naphthenates
apparently found satisfactory by some one of the interested reseurch

groups hus been received. The following muteriuls vere used for this
work:

(a) 1170 ec £ N aluminum sulfate solution (Sun
Chemical and Color Co.) well filtered.

(b) £.50 cc socium naphthenate solution containing
450 g. naphthenic acid (Hurshew Chemical Co.,

rectified grude, 232 A. V.) and 76.6 g. HuOH
(verck heagent).




(c) 750 ecc 1 N NaOH

(d) 10,000 cc water containing 50 cec & i eluminum
sulfute solution.

Solutions b and ¢ vere weli mixed. The mixture (b + ¢) anc (a)
vere run into (d) at such a rate that precipitution was completec in
5 minutes. ~ropeller type agitution was used am agltation v.as con-
tinued 5 minutes after precipitation.

The product was filtereé on & vuchner and washed until the wush
vater gave no sulfate test. 1t vas dried in thin iuyers for 84 - 4b
hours at 60° C. To prevent cakini during storage, 0.5 - 1.0 aluminum
stearate was incorporated in the granular product.

Geercl Printing Ink Soaos.

In Table II the chemical and physicul charscteristics of the
General rrinting Ink soaps are summarized. Table 11l data indicates
the difference in moisture susceptibility and the change in the vis-
cosity - concentration relationship betveen a Nupalm and G, 2, 1.
Senmple No. 1.

Method 5,
Addition of Alum to Basjc Sodium Soap,

The Napalm produced by the Ferro Enamel Corporution has all been
produced using the method in which a stream or fine sproy of aluminum
sulfate solution is introduced at @ controlled rate into the well ggi-
tated basic sodium soap. Though the technique hac been criticlzed
because a substantial amount of the precipitate forms over a short
period near the end of precipitation, proper control of agitation
minimizes any aifficulties. The very satisfactory experience Ferro
hes had with the methou his resultedin a concentration on this par-
ticular method of prejarction.

There vas no background to indicate the best composition to be
used for an aluminum naphthenate gelling agent so ° u number of
variables vere investiguted. The study included the foilowing work:

1) Preparation of soaps more busic than ordinury
Napalnm,

2) Variation of the sodium soap or acluminum sulfate
solution concentrations.

3) The use of purticle coatin; agents to minimize
particle adhesion durin; drying env storage.

4) The use of naphthenic &cids of ¢ificrent acid vulues.

5) Evaluation of the cheracteristics of the eluminum
naphthenate vhich looked most satisfuctory.




5.

haw muterials. Unless other.ise noted the raw matcriuwis useu uet
these specificutions:

1) laohthenic Acid £44 4, V,
Supplier - Std. of Cal.
Acia Value - 246
Sap. Value - 249
Iodine Value - 9.5
Color - Lark amber
» Fe - 0.0&

£) Nuphthenic scid 261 A, V, - Stanco hectified,
Supplier - btanco Listributors
Acia Value - 259
Sap. Value - 263
Iodine Value - 8.9
Color - Pale Yellow
6 Fe - 0.002

Supplier - General Chemical
Fe - 0.015
kn -<0.004

C a
Supplier - iiichigun Alkali

1. Sveparation of Soaps gf Variable Basicltles.

A series of aluminum nephthenates v.erc prepured in which the free
caustio content of the soaps vus  rudually increused. The duta on the.e
batches are summarized in Table I. 1t is believec the cifficulties met
in the plant vhen handling an aluninum nephthenate prepered from a soce

soap less basic than cbout 300 g. L:aOH/1000 g acia voulc make such a pro-
duct undesircble.

both the naphthenic acids produced soaps which vere sctisfactory
when the basicity vas high enough. There uzs little apparent difference
in their resistance to sintering during drying.

V C 8

Lata in Table 11 pertuins to soaps prepared by vurylng the concen-
tration of reactants, the temperature of précipitetion, end in one cuse,
the time of addition. The conclu zions reuched follows

2) The aluminum sulfute solution concentration is best
maintained at 30 - 44 to secure & satisfactory pur-
ticle size.

b) A 157 sodium soa, seems preferatle to lover concentra-
tions if very fine particles are to oe avoided.

c) The precipitation temperature must not be too low if
fine perticles are to be avoided.




8, Coatin, agento,

Hyuruted aluaninua naphthencte which exhibited soue vendenc; to
fuse wuring the drying process vas coatec with 5. u) starch und b) &5
M tale. oOSturch maade the stickin: during drying more severe anc taic
helped onl; s small amount.

4. From the cxperience gained in preparing the other naphthenates,
standerd precipitation conaitions were estublishec anu three batches of
510, 412 and 516 g NaOH per 1000 g. acid were prepared from euch naphthen-
ic acid. 'rhese batches were carefully dried, screened to pass 6 M, re-
dried and bottled. These soups were used for further testin, and tle
consistencies of their 8% gels v.hen dispersed in S. O. L. test gusoline
are tabulated in Table 1II.

B re .

It was considered of interest to note whether the unmoaified
naphthenates sorbed moisture as rapidly and to the same deirec as ordi-
nary Napalm. The moisture absorption rutes noted in iaule 1V were de-
terained using 3/8" layers of material exposed uncer siutic conditions
at 80° F. 255 R. H.

] ne C erigtics.

Characteristics of the unmodified naphthenates which have uveen
investiiated only briefly are us follows:

a) purniny nates. vi ht percent Kapalu and straint
.aluminum gels were curned anc the burning rates sounc to oe couptravle.

b t bilit The extensioility of the & luminum
naphthenate gels appears coaparuble to that of Ne.palu.

¢) Cohesjon, Cohesion in small size contiiners offers no
groat difficulties though it nalght cause trouble w.ith lurge packaes.
A coatin; agent for the dried naghthenate wouid proui.oiy heip consider-

ably.

g) Oxjdation. The induction perious oi ull of the un-
modified aluminum naphthenates v.ere not determined vecause oi lack of
tiwe but there would seem to be little reason to suspect suscepti.ility
to oxidation.

7. hese.rch on the solvation rates ol certain aluminum naghthenates
(310 g NaOH/1000 g 244 A. V.) indicated that the set and solvation time
in S, 0. [. gasoline vas relatively insensitive 10 temperature over the
range 338° 7 to 90° F. though the magnituue o1 the set ana solvation
times was rather large. To check the characteristics at very low. tem-
peratures the naphthenate mentioned above vies screened to pass &0 « and
added to gasoline at - 10° F. ipparently theie i3 en avrupt chan.e in
solvation rute for the soap har swelled Lo uniy hals the totul volume
in 1 - 5 hours. Flgs. 1 and £ illustrate the chan.e in set anc solva-
tion time and the spread betuween the tvo for the most sstisfuctory
aluminum naphthenates.
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rrecip. Soda sSrecip. Lrying
Temp. Soap Churac- Churacter-
° F. Conc. teris- istics.

» tics.

185 Very soft
and mushy

15 Very soft
and mushy

15 Very fine —
. unsatisfactory
particle

farticle size Sintered badly
good. Broke up easily.

Very fine Lried to a hurd,
unsatisfactory brittle mass.
particle.

Gooc part-size Could be bro-
fart soft ken with
difficulty.

Part size Coulia be bro-
Slightly better ken with
than 86° difficulty.

furt. Soft, Coula be bro-
hard to ken vith great
filter. aifficulty.

Part. fine Could be bro-
but filtered «en with great
easily difficulty.
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Idouy 1V,

iioisture Sorption - Unmodified Aluminum Naphthenates.
4 Hr0 Sorbeg-

& Veight Gain

0.5 1.0
hrs hre




Sample No. Z1257-R

[rying Method Alr
ippearance Powder
;:‘D Al * 5.51
~ Hz0 1.1
Ash

Stubility -40°C. 0. K.
Etu:bility-65°C. Thins murkedly
Solvation Time - —
et Time to form)

Stable 8, 9, 13.5:)

gels.

6% gel consistency

(Oronite nethod) 10 sec.

95 gel consistency

(Oronite iiethod) 31 sec.

Caking in package Slightly sticky
Consistency

48 hrs. 2 77° (idcy)

Consistency

7 days 3 77° (.ay)

Consistency

48 hrs. @ 150° (usy)

Consistency

2 hrs. @ 150° (Oct)

?4 hrs. ? 150° (Oct)

24 hrs. @ 77° (Oct)

% Through 6 iesh

# Through 40 Mesh




e Chemical

Nuodex _
#16,032 G2 I.41 Grl Grl Gl (:'u"l
average 4&. b, #S #4 #5 #6

46 hrs. 77° F, 640 118 1100950 800 730 640

Gardner in -

24 hrs, 1 F.

Gardner in g 470 530 367 a.v, 720
168 hrs, 77° l-‘.

Gardner in g -— -_— -_— -—
2 hrs. 150° F.

Gardner in g. 850 780 750
Vacuum Oven

Moisture

Lean & Stark

Moisture

Iodine No.

(Initial)

Jodine No.

(1 month-120° p

Heat Stabilit;

(temp.rise°F,

Lispersion Time

550

F,

Iispersion Time
70° F,

Lispersion Time
o-®.

Setting Time
§se F
Setting Time
70°F

Setting Time

90° F.(Viscosity
Initial (Osci-
latlon ethod)

sﬁc.

28 day 150° F,
Viscosity (Osci-
lation idethod) in




boisture Suseeptibility and Vigcosity -Concentretion

cte

» Vacuua
Oven

ti

1

a

Lispersion
Time.

Conditioned 24 hrs, 90°F. 0.38
£0% R. H.

Conditioned &4 hrs, 85°F,

65% R. H. 1.01
Conditioned 24 hrs, 90° F.

90» R. H. 1.50
No Conditioning,

4% Concentration -—
No Conditioning,

6~ Concentration

No Conditioning

8~ Concentrution

No Conditioning,

104 Concentration

No Conditioning

12% Concentretion

Na B, N 7

Conditioned <4 hrs, 80°F.

20ﬁ R. Ho 0.99
Conditioned 4 hrs. 85°F.

655 K. H. 1.75
Conditioned ¥4 hrs. 90°F.

90P R. H. 5.00
No Conditioning,

4% Concentration -—
No conditioning,

65 Concentration

No Conditioning

8~ Concentration

No Conditioning,

10% Concentration

No Conditioning,

12% Concentration

15




SUmiARY 2

Though additional work is yet to be done on the unmodified
aluminum naphthenates, research has progressed {ar enough to inui-
cate soaps of adequate physicul charecteristics and satisfactory
gusol ine gelling ability can be prepared in the labvorutory. Further-
more, the characteristics of the soaps are so close to those of the
Rapalm type there should be no unusual production problems.

Sintering of particles auring the drying process might intro-
duce more grinding difficulties than are met producing Napalm, but
close control during precipitution will minimize such troubles.

The naphthenates prepared at Ferro have showm no unusual gell-
ing properties but when properly formulated appeared as satisfactory
as Napalm. Thus, though the oxidation resistince of the two types
of soaps huve not been compared extensively, it would seem the ;rent-
est advantage of the unmodified naphthenates lay in their oxidation
resistant structure.
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